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(54) Polyester resin biencte with high-level g» banter properties 



(57) Compo^tionacompriaing a polyester remand 
a polyamUe derived from a dicarbcKyic add with 6-22 
cartxjn atoms and from m-xylyiene diamine having 
high-lewel gas barrier properties, obtained by mixing in 
the melled state the polyeslBr resin prembed wHh a 
dianhydride of a teiiacart»»yltc acid and the polyan^e, 
operating imder conditions such as to render ttia poly- 
meric components rtieologicaly c om p at i b le each other. 
The compositlorK are suitable for preparing oontalnare 
and biaxlally-orlentated fOms. 
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DescrlpUoii 

[0001] TTie preeertt invention relatee to biaxially-oriented films and oontainere provided with high resifliance to oas 
permeabiity, and to the polymeric materials used to prepare said containers and films. 
5 [0002] Aromatic polyester resins are used In evar-lncreasino amounis hi the production of beverage containers and 
films. 

[000^ The barrier properties of aromatic polyester resins are rattier limited, in the case of containers for carbonated 
beverages prepared from said resins, ihe posslbiiity to preserve the beverages for a sufHciemiy long time is uncertain. 
[0004] Polyamide resins have remarlobie mechanical properties, but Ihey have the drawbadc that they hava a high 
10 moisture absorption which reduces their properties. 

[0005] Polyamide resins are normally used mixed with aromatic polyester resins in oider to improve the mechanical 
characteristics of Ihe latter. The presence of polyester resin in the mix reduces the molsture-absoifoing tendency of 
polyamide reeina 

[0006] Mixing the resins, however, is difficult because of their poor compatibility in the melted state. 
IS [0007] In order to obtain better mechanical propertiee and to avoid peeling in products, it has been suggested to mix 
the resins in lhe extruder in the presence of a dianhydride of a tetmcart)Oxylic acid (JP 1-272660 Kbkai). 
[000^ PyromellHb anhydride is the preferred compound. 

[0009] The mechanical prop^es of the resuHing mixtures can l>e improved further by stAjecUng the mixtures to a 
solld-stata polycondensation treatment (WO 94/09069). 
20 [001 cq Among polyamides. the most commonly used polyamides, such as nylon 6 and 66. have slightly better gas 
terrier properties than polyester resins such as pdyalliytena terephtfialate (PETl and copolyettiylenB terephthalatas 
containing Wnall proportions of uv&ts derived from isophlhalic acid. 

[0011] However, a polycvnide otMalned from m-xylylene diamine and adipic acid (poly-ni-xylyl»ie adipamide. poly 
MXD-6) is known as having considerable gas tun^ier propertiaG (In rataUon to oocygsn aixl caifoon dlaxUa} which are dia- 
26 tinctlybetterihanihoaeofpolyettiyleneterephthalata 

[0012] TNs polymlde Is used In mixture (obtained In an extruder) wHh PET or COPET In order to improve lhair barrier 
pnopertieG. 

[0013] The (»eygen permeability of a 1 .5-&t»- PET bottle (produced by injection Uow-motding) is reduced by approxi- 
mately 50% when the bottle is okitained from a mixture which contains 16% by wdght of polyamide and by approod- 
90 nately 20% when it contains 7% polyamide by weighL 

[0014] ThebarrlerprapBrtiesofthe16%polyarnldenMureare6lrTflartothoseofat}oM 
one l^er being PET and the other one being polyamide. 

[001Q H has rnwl3aanfourid unexpectedly Itiat It is posdisle to remariablyin^^ 
oriantad films and ooritairm which con be otstalnad from polyester ra^ used In ^ 

SB poly MXD-6 if Ihe polyester minis first mixed in the melted elate wi^ 

resultirmi mixture is further nnixedegErin In the melted cMe. with a polyamide 8U<^ as poly MXD-6, working urxler tem- 
perature and shear fmes conditions and wifli vocositiea off the molted polymeric conponems such as to render the 
polymerio oonponanls of the mbdure oompalbie from the itiaokigksed viewpoint. The dianhydride is ntad wHh iha pol- 
ye^ resin in an amount finom 0.01 to3%byweighL 

40 [001^ Pyvonneiliticdianhydridei8preliBired.Cllherdlan 

utanetBtracarboRyllc add, 3.8'34,4'-bemMphenonB tatrBGarbaxyflc add. 2.2 bl8^,4^ilGaibaKypheriyQetiar. Thedlanfqf- 
drides of aromatic tetracartxsagfic adds are preferred. 

I0O17I Ptelarafaly. Iha pofyeBter resin Is a oopofyalhylene teraphthalate In which upio 2S%. pratareUy 1 to 15%. of 
the units delved from terephttuSe add are sitafituted l3y units or aeq^ 
45 tues thereof wHh naphthalene dlcarbcKyllc adds. 

[0010] Hie polyamUe Is preferably poly MXD-6. Other pdyamUes fliat can be used are those obtalnrtsla from an 
aliphatic dicaiboxylic add other than adipic add containing 6 lo 22 atoms of caibon and an arilene diamine, preferaM y 
nvxylylene cfiambie. 

[001 9^ &ud dicartxocyic add ia prelerably suberic, sebadc and dodecandc add. 
60 [00209 F^yanddas with crystaiilzatton rates slrrtilar to those of potyestar are preferably u^^ 

[0021] "me numeial mdeojtar weight of the starting polyamide is generalty between 8000 and 50000. 

[0022] The terminal-NH2 groups lhe starting pdyanvde can be reacted with epoxy compounds in order to increase 

HsdlsperBkin In lhe polyester matrix. EpOate from the Shell Italia is an ocampls of usabia spoxl compounds. 

[002^ Preferably, the pdyarnide is used in an antoum equal to 5 to 30% by weigm on the nMure. Larger amounts 
65 can be used depending on the final properties of Iha mbctura 

[0024] It is in fact posabie, and it ^ another aiqsect of the invention, to prepare, operating aocoiding to the method of 

the invention, mixtures havingapdyamideoontentof mmthan 5a%by waigmand upto80-eo%b^ 

tw used as rrastar iaateh. 
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[0025] A pref^ed rrtxing process consists in extruding the polyester resai with the addition of the (fianhydride and in 
euk)6equently extruding the mixture with the adcfition of the polyamida 

[0026] It is poseibJe to work in a single stage by premixing in the extruder the polyester and dianhydride first and then 
adding the potyamide in the extruder 

[0027] In order to achieve good connpatibllizatfon among the polymeric components, their vtscosHias In the malted 
state has to be very similar. 

£0028] Preferably, the ratio bfltwean the wscosity of the polyester and the vieoosity of the polyamida is batwaen 0^:1 
and 4:1. 

P)029] Operating under the above conditions It is possible to obtain compositions wherein the polyarrdde is dispersed 
in the polyester matrix with domains having size of less Itian 1 micron, preferably In the range from 0:2 to 0,4 micron. 
The microstructure was obtained by scanning eiecbon nwroscope (S.E.M.) cS the fracture surface of injection molded 
small bars treated with formic add to extract the poiyamide. The bars ot^tained according to example 1 have a ndcro- 
structure wherein the dispersed phase has a see of less than 0,5 mtcron. The size of the domains in the bars obtained 
from example 1 but without using PMDA are Ngher than 1 .5 micron as average. The micrcsstructure acoonllng to the 
Invention is characteristic in particular of the blends of poly MXD-6 vnth PET or oopoiyethylme thei^ftalates containing 
up to 25% of units deriving hiom ieophtalic acid. 

[0030] It is surprising tturt whan working under the mixing conditions aocorcGng to the invention It is pos8S)le to obtain 
materials having gae ban-ier pioperties (relative to and COg) which are far higher than those obtainable by mbdng 
the pcdyaster resin and the potyamide fn the absence of the dianhydride of tetracaifocB^lo add or by mixing the three 
oonnponemsof the mixture simultaneously or by first mixirig the poiyamide with the cfianhydride and then adding the pol- 
yester resin. 

[OOai ] Oxygen penneabillty in 1 .SHiter bottles with an o^srage thidviess of 225 nrtoons can be reduced of 4 or mora 
times and COg permeability can be reduced fc>y 2 or rnore times as a function ol the conterit of the poiyamide (plMX^ 
[0032] The potyester resin is obtained by polycxsnden^on (aooorcfing to known methods) of teref^ithalic add or 
lower dieeters thereof with a diolvvith 2-12 caibcn atoms, such as fore gtyool. 1,4-bulanedioland1,4- 

cydoheocane dlmethylaL TTie ocpolyattiylene terephthalate is, as menttoned, the prefBrred resin for preparing oontaln- 
ere. 

10033] T^epoiyethyiene terephthalate honiopolynw can iw conveniently used in the prepaiati 
films. 

[0O34I The starting polyeeter resin used in the preparation of the compositiona according to the invention has an 
inlrlnste visoosily of 0.3 to 0.8 dl/^. The Initial vf&cosity can be Increased by subjecting the resin, prembod with the dian- 
hydride Of the tetracarboxylic acid or the mixture containing the polyester resin, tfie poiyamide and theduuihydride, to 
a soid-state poiycondar^atkm Ireatmem at ternparatures between approxkintely 1 K 
peratureconditkMissufffelent to increase t>y at I wt 0.1 units the vteoosity of the potyester resin. 
[0036] Since the polyeeter resin is difficult to separate by eoivent extraction in ttie mixtuie, the raease in aitrin^ 
vl«x}sity of the polyester resin In the mixture Is coreidered similar to the 1^^ 
atone in the same temperature and duration conditions to which tfie nMure has been eut^jected. 
10086] ITieeolid-GlatepolyoorKjensallon treatment h addition to laadino to an in^ 
polyester re^, allows to Imprave tlie mechanical praperties of Itie oonposiltons^ partioularty inpact reeisianoe. 
[00137] IhetrealrTientapisied to the polyester reein added off the dianfydrtde of t^ 
the visoosily of the resin In the melted state to values which ere slnrrilar to those of the polyannlder^ 
the initial polyester resin has relatively low intrinsic viscosity values. 

[0038] The mixing of the polymer with the dbnhydride and than with the polyamUe Is par^^ 
screw extruder. Comrarotating and intermetfiing twin-screw extrudere are prelsnred. using res«ienoe times of generally 
lessttian 160 seconds and worMr^ at tenperatures above tiie melting temperatures of thepoiymerfooomponsnts, gen- 
erafly between 20(y and 300^. 

19039] The biaxteliy orie nle d fftus and containers are prepared acowding to known methoda For eiample, bottles for 

beverages are prepared by IrilactfcKVStratch bkw moldir^; biaxially oriented fibns are prepared wUh ttie doUbleiiiisfala 

method or by cast-extruaxHi fol lowed by taaxial etretchir^. 

ff«m\ The material acooiding to the inventkm can also be ijsed to prepare mul^ 

a bianaly oriented film obtained from the material aoooitfng to the invention. 

pmi ] IMother apitfcation of tfte blends aooonding to the invention, wherein the polyester resin is a copoly^hylene 

therepNhalate with 10% or nrare of urAs Item IsophthaDc acM resides in ft^ 

high cepacfty pouchee @ I. or more) euitable to being filled with llquide such as sM 

(9042] The pouches have hl|^ clarity and good mechankxd properties. They can be easfl^ 

or stress withening problems. 

[9043] Tliefritrinsic viscosity measured in sdultons of 0.5 gaff resin in 100 ml off 60M 
BtKi tetrachlaroethane, at 2SfC aoooiding to A87M standard D 4603^. 
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[0044] The measurement of the mett visco&ity is pertbrmed wHh a Ooettfert iheometer eqi^pped wriih a 2-nun capfflary 
tube, working at 260°C with a Shear rate of 100 sec'''. 

^XAiWPg-ES 

5 

t004q TTie following examples aie given to iltustrate but not to limit the invention. 
EXAMPI-E1 

10 [0046] 20 kgfh of cryslaBlzecl granules of copolyslhylBns tsrephthalatB (COPET) oontalning 4.5% Isaphthallc add 
(IP/g wiHi IV e 0.6 dl^ (ipre-drled at 1 40*C in vacuum for at least 12 h) are fed together with 20 g/h of pyromeilitic dian- 
hydrlde (PMEV^ (0.1% lay weight on the COPEl) In a twin-screw axiruder with contraLrotaflng and intBrniesNng scraws 
and then palletized. 
[0047] ITie operating oondMons are: 

IS 

Screw rotation rate: 100 rpm 
Cylinder temperature: 280^C Ihrou^out the cylinder 
OOPET leed: 20 Icgm 
PMDAfeed:20g/h 
ao Residanoe time: 1 .5 min 

[0048] The resutling peflets were oysfcaOlzad at 1 30*C in a rsactor bi continuous under nitnagen fkMr. 
[0049] IV after extrusion was 0.61 dl^. 

[00^] 20 ^fQfh of crystalliied COPET containing 0. 1 % PMDA obtained as mentioned above are fad Into a twin-screw 
26 extruder provided with oontrarotaling and intenraieshing screws together wHh 2.2 kg/h of poiy^XD-6 (Mitsubishi Qas 
Chemical -MGC-Japarf hairing a visooaily in lhaniolten state at 280«C and 100sacr''of shear retta of 1000 RAS and 
pelletized. 

[0051] The oondHionsflbr preparing the mixture are the sanie used lor the treatmem 
PMDA. 

EXAMPI^2 

[00S2] Preparation of the ndxtura of COPST and PMDA of axainpla 1 Is repeated, the only diffmnce kwlng that 
COPFT with 4.9% isophthalic add Is replaced with a nrMura oontaM^ 
as add, IV -0.8 d^i and 8% polyethylene isophthalata 

[DDSq Ttia IV of the pdiats was 0.81 di^. The paMs are crystaJIbad at ISQ^C In a reactor opataUng conflnuously in 
nitrogen. 

[00S4I T1iepenalsareihenaxlrudadtaga1herwfth10%bywBl(|^afpolyMXD-einta 

«7 EXAMPLES 

[0CS5] The pieparalionol example 1 (jprenwdngol OOPET w^ 

q was repaated, with the or^ difftarBnca that the OOPET lead osnlBinad 2% iso^^ 

4B EXAMPLE 4 

[0OS6] Thepfef»rationofeBemple1wa8rapeatBd,withtheonlydm^ 
ofpoty-MXD-6. 

BO EXAMPLES 

[00S7] A cmpodtion. prepared according to example 1 , by using in place of COPET containing 4.S% IPA a rraxture 
containing 86% tiy wel(^ of COPET wHh 2% of IPA (IV » 0.8 dU^ and 14% of pdyethyiene IsopMhalala, and In which 
aie percentage of poly-MXD was 7.5% by weight was used to prepare 40 g prefdrms. 
B5 [OOSQ Ths prelornK were Eubmttsd to free Uowing using a Sldd nrochineequipp^ 

ttieprefornnto 110". Tine preforrns were blown using air at 3 bar pressure. The obtained pouOhes have a capacity of 5 
I. and are hlf^ly dear. They can be folded (when empfy) and refilled with liquids. 
[0059] The poudies filed with 5 L water can Withstand a drop Impact of 1 m. 



4 



EPO 964031 A2 

EXAMPLES 6.7 

[0060] The mixtures obtained aocorcfing to examples 1 -4 were used to produce 36-g preforms ueing a Huaky injection 
unit 

5 [0061] ThaprofomiswBrBthanblGwnlna 1.5-and2^itarcayityto^ 

ness of the 1 .5-liter bottlee was 225 microna (average value) and the thicknesa of the 2-liter tsottlea waa 195 irucrons 
(avaiage value). 

[P062] The permeabiity chamcteriatica of the botUea uvith reepect to and OO2 are Gated in table 1 . Gaa permea- 
bility was measured at 40% BH, using Mocon instnimants. 

10 

OOMRARISON EXAMPLE 1 

[0063] The preparation of example 1 waa repeated, the only difference being that a mixture with 90/10 by weight of 
OOPET (containing 2% \PA, wfih IV b 0.8 d)/g) and of poly MXD*«. not oontaining PMDA. was extruded. 
18 [0064] 1 .5-liter bottles were prepared by injection-blow molding in the conditions used in examples 6-7. 
[0065] The permeatnlity to and CO2 of the bottlea was much higher than in the botllea of examples 6-7. 

COIWimRISON EXAMPLE 2 

20 IP066I l^Her bottles were prepared in the oonditiona of exanrplea 6-7, using a 1^ 
andlVcK).8dVg. 

[0067] The data on O2 and CO2 permeability are Bated in table 1. 

tOOBBl The diadoaurea in itafian Patent Application No. MI98A001 335 from whi^ ihie appfication cteiims priority ai^ 
IrMxirporaled herein by rafbrence. 
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Comparison 2 


Example 1 


Exarrple2 


Exanpte3 


Exanple4 


% weight pMXD-6 
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10 


10 


10 


70 


%IRA 


2 


4.5 


10 


2 


4.5 


0^ parmeabilHy 












1 .5-Gter botllea mUxAtAdfabn 


0^ 


0.13 


0.1 


0.12 




S-llerbaMaa 


0.62 


0.23 


0.14 


0.14 




OO2 permaabOHy 












1 .5-fiter botllea nWtxxtt/d^atm 




7.25 


5.31 


7.02 


2.7 


bnpravamant % 












Q2 permeability 












1.5-lliarbaaias 




407 


550 


448 




2-liter bottlea 




862 


576 


567 




C^penmeabiity 












LSWarbaUos 




251 


848 


250 


670 
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Claims 

1 . BiaxiBlly-orianted fOms and cantainBre formed by using a nraterial obtalnad by mbdng a melted substance compris- 
ing: 

£5 

fiO an aromatic polyester, prentixed with a dianhydride of a tetracaiboxylic acid in an amount frwn 0.01 to 3% 
b) a polyamide derived from m-xytylene diamine and from a dicarbaxyflc add with 8-22 caibon akmn in an 
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amount from 2 to 50% by weight on ttie sum of a) + b). the miwng of the polyester and the polyamide being 
performed under temperature, shear fdrce oondhions and melt viecoeily vaiuee off the polymeric components 
such as 10 render said oomponeiUs compatible from a rhedoglcal viewpoint 

2. Containers according Id dam 1 , In Ihe form of boltifls for carbonated bflAffirageB. 

3. Containers according to claims 1 -2. obtainBd by injection Uow-moUing. 

4. Contahiers acooidlng to claims 1 -3. wherein the aromalic polyester is copolyeUiylane ferephthalatB oontakilng up 
to 25% units or sequanoss derived from Isophthallc add. 

5. Containers and fHms according to dalms 1-4, wherein the poiyamide Is poly nhxylyiene adipamlde. 

6. Containers and films aocoiding to claims 1-5, Wherein the dianhydrlda of Ihe tatraoarboxyiic add Is pyromeHtlc 

dianhydride. 

7. Containers and films according to claims 1 -6. wherein the starting polyester off the material used to prepare the 
container has an intrinsic vleoo^ from 0.3 to 0.8 dl/Q. 

& Container and films acooidlng to daims 1-7. wherein the material obtained from the melted mixture oomprisina 
the pdyester. the polyamide and the dianhydride is sUbjeded to solid-state potyoondensation for a tima and l«n- 
peralureoorKditionssufncienl to Increaae the intrinsic viscosity^ units. 

9l Containers and ffflms according to daims 1 wherein the pdyester premljcad with the dianhydride is sut^ected to 
a solid-state potyconder^ation treatment so as to increase txy 0. 1 units the intrinsic viscosity of the initial polyester. 

10. Containers and ilms according to daims 1-9. wherein ihe mett viscosities of the polyester and the polyamide, 
determined at the mbdng temperalure, are in a ratio from 0^:1 to 4:1 . 

11. Gontainere and f inn according io daims 1 -10, wherein the rrtixing of the components is performed in the eodruder. 

12. Containers and films nmde of or comprising a malsfial obtained fim compositions comprising a polyester resin 
and a pdyamida ohBradiarized in lhat lhay ham an covnen parmeabilily of lass than 0.085 nrHAxittletldBy/Btm, 
maasuradona 1.5^lbBrbottlawithBthidffiBeB0f 225frdcronsofalalnadbytni^ 

1 3. Fflms acGordlrQ to the praoadbig dalms 5-12. oUalned by biaxial eiraiching of films prepared txjf cast-eodnision. 

14. Films accoidlno to the precadfno dalms 1 ard 5-12, obtained by blow^nolding udng the doUbl»i^ 

16. A polymeric nnatBrial sUHaUe for praparing biaxiallrorientBd tame and containers having higH characterislice off 
restatanoB togas permaabllHy. obtained by mixlnga mdtad material under audi oondHtons lhat the pdymorlo oom- 
ponente thereof are rtieologicaiiy oonvatible, comprising: 

a) an aromatto pdyester resin, premixed with a dianhydride d a tetracari»»ylic add, in an aniount bsAwaen 
0.01 and 3% kiy weight; 

b) a polyamide derived from m-xylylene cfiambie and from a dicaibooQ^ic add with 6-22 carbon atoms in en 
amount equal to 1 to 90% by weight on the sum oi a) b). 

16. A materid accoidii^ to daim 15. wherein the polyester resin is copolyetttylene terephttialate oontaining up to2S% 
of unHs derived from laophlhaflc add. 

1 7. A materfay accorcfir^ to daims 15-16^ wher^ the pdyairade is ptily m-xylylene adipamide. 

18. A polynrtsricnrnterialaoconSng to daims 15-17. wherdn the diarthydric^ 

19. A polymeric maters according to daims 15-18. wherein the material <^)lained from the melted mixture comprising 
the ooifV)onents 4, b) arid c) is SUbjeded to solld-clBte pdyoondensati 

pdyastsr is increased of at least 0.1 unH& 
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2a A polymeric material according to ctoim 19. wherein the polyester premixed with the dianhydride is subjected to 
solid-state pdycondensation until the intrinsic viscosity of the initial polyester is increased of at least 0.1 urtit& 

21 . A potymeric material acoonding to claims 1 wherein the polyester and the polyamide have melt viscosities, at 
the mixing temperature, In a ratio from 0J2:1 to 4:1. 

22. A polynteric material aocoiding to daims 15-21 , capable of providino conlainefB whose resistance to oxygen per- 
meabili^ is less lhan 0.065 mt/bottle/day/atm, measured on a 1.5-liter bottle with a thickness of 225 microns pre- 
pared t^y iri|ection-t}low moldlr^. 

23. A polymeric material comprising an aromatic polyester rean and a polyamide derived from dicaitoxylic add and 
an arilene diamine, wher^ the polyanrdde is dispersed in a polyester resin matrix with average size of the dis- 
persed domains of less than 1 mioron. 

24. A polymeric n^erial according to ditim 23 wherein the average size of the cSspersed domains is from 0.2 to 0.4 
nticron. 

25. A polymeric material according to daims 23-24 wherein the polyester resin is a copolyethyiene terephthalate con- 
taining 14) to 2S% of units derhrad from tsophthallc add and the polyamide is poly-m-xytylena adlpamlda. 



